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ABSTRACT
We examine the dependence between hydrogen total mass MHI and
rotation speed Vrot , optical size D25 or disc radial scale R0 for two sam-
ples of late-type galaxies: a) isolated galaxy (AMIGA sample), and b) the
edge-on galaxies (flat galaxies of Karachentsev et al. 1999). Estimates of
MHI , given in the HY PERLEDA database for flat galaxies appear to be
on average higher at ∼0.2 dex, than for isolated galaxies with similar Vrot
or D25 values, most probably, due to the overvaluation of self-absorption in
the HI line. We confirm that the hydrogen mass for both samples closely
correlates with galactic disc integral specific angular momentum J , which
is proportional to VrotD25 or VrotR0 , with low surface brightness galaxies
lie along a common VrotR0 sequence. This relationship can be explained,
assuming that gas mass in the disc is regulated by marginal gravitational
stability condition of gas layer. A comparison of the observed and theoret-
ically expected dependences leads to a conclusion that either gravitational
stability corresponds to higher values of Toomre parameter than is usu-
ally assumed, or the threshold stability condition for most galaxies took
place only in the past, when gas mass in discs was 2-4 times higher than at
present (with the exception of galaxies with abnormally high HI content).
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2The last condition requires that the gas accretion was not compensated by
gas consumption during the evolution of most of galaxies.
1. Introduction¸
Discy galaxies vary greatly in cold gas content and, as a consequence,
in starformation rate and related characteristics, because there is a large
number of factors influencing gas flow to a disc and its consumption or
outflow (see Fig. 1). The main gas loss channels are the turning gas into
stars, as well as blowing gas out from a disc to halo or intergalactic space
due to AGN or young stars activities (supernovae and stellar winds). In
turn, gas supply is provided by gas losses by evolved stars, by cooling
of hot halo gas and its accretion (hot mode accretion), by accretion of
intergalactic gas filaments (cold mode accretion), as well as by destruction
and absorption of dwarf satellites containing interstellar medium. Gas
may also be “blown out” of galaxy disc due to its interaction with the
environment.
Galaxies reveals a bi-modal distribution if to consider their gas content
or starformation rates (SFR ) per mass unit of stellar population (see.,
e.g., Brammer et al. 2009). Conventionally, galaxies are divided into pas-
sive (quiescent) galaxies with low gas content and little or no young stars,
belonging mostly to E − S0− Sa types, and starforming ones, where gas
mass is large enough to maintain starformation. Most of actively star-
forming galaxies belong to Sbc and later types. These are the galaxies
discussed in this paper.
Gas losses may transfer a galaxy from starforming into passive cate-
gory, and the transition time must be short enough to explain a bi-modal
3distribution of their color or SFR (see, for example, Bundy et al. 2010;
Volcani et al. 2015). But, as long as galaxies remain to be starform-
ing ones, their evolution proceeds surprisingly similar. This is evidenced
by the existence of correlations between neutral hydrogen integrated mass
MHI and such global slowly evolving parameters, as the optical or gaseous
disc radius (Solanes et al. 1996; Karachentsev et al. 2004; Toribio et al.
2011; Wang et al. 2016), stellar disc luminosity or mass (Karachentsev
et al. 1999; Bradford et al. 2015; Lell et al. 2016; Toribio et al. 2011;
Evoli et al. 2011), galaxy rotational velocity (Begum et al. 2008; Toribio
et al. 2011), halo mass or spin (Evoli et al. 2011; Huang et al. 2012), and
disc specific rotation angular momentum J , which is proportional to the
product of rotational velocity by disc optical radius (Safonova 2011; Zasov,
Sulentik 1994; Zasov, Smirnova 2005; Obreschkow et al. 2016).
It is evident that the above correlations may not be independent, al-
though a priori it is not clear which of them are physically conditioned,
and which just reflect a mediated relationship between various galaxies pa-
rameters. For example, there exists a relationship between disc rotation
speed and a size of a galaxy, which is close to linear (see., eg., Karachentsev
et al. 2013), so the relations between MHI and disc size and disc specific
angular momentum appear to have a common cause.
The most tight relationship is observed when MHI is compared with
radius RHI which corresponds to the fixed azimuthally averaged gas sur-
face density, usually taken as ΣHI ≈ 1M/pc2 (Lelli et al. 2016; Wang et
al. 2016). However, these matching parameters cannot be considered as
independent ones: a change of MHI during the evolution will inevitably
lead to a shift of RHI . Nevertheless, the close correlation between MHI
4and RHI , which takes place for galaxies with different masses – from low-
mass gas rich dwarf to giant spirals – indicates that the shape of the overall
HI radial profile should be similar for most galaxies: only in this case RHI
will be associated with hydrogen total mass MHI . Indeed, radial profiles
ΣHI(R) for late-type galaxies demonstrate their universal character except
the central regions of galaxies, where HI distribution is very diverse, par-
tially because a substantial, if not most of gas there is usually molecular
(Bigiel, Blitz 2012; Martinsson et al. 2016). They look particularly similar
in shape within a large range of R , if the radial distance is expressed in
units of radius RHI (Swaters et al. 2002; Wang et al. 2016) or is normal-
ized to optical radius R25 = D25/2 , which corresponds to the boundary
isophote 25 magnitude/sq.sec. (Bigiel, Blitz 2012). Such similarities, in
turn, suggest a similar character of gas evolution for galaxies with different
masses.
The mean observed profile ΣHI(R/R25) , obtained by Bigiel al. (2010),
evidences that about half of HI integral mass contains inside the optical
radius R25 . However, for dwarf galaxies, this fraction may be much lower.
According to Martinsson et al. (2016) the average RHI/R25 for spiral
galaxies is 1.35± 0.22 .
It’s worth noting that the contribution of H2 in the total gas mass is
usually small. According to Bothwell et al. (2014), H2 mass fraction in
spiral galaxies averages 0.09-0.13 and decreases parallel with mass of stellar
population. Lisenfeld et al. (2011) obtained the average ratio MH2/MHI ≈
0.2 for isolated galaxies of AMIGA sample, used in this paper. Thus, a
total mass of atomic HI may characterize a total neutral gas mass.
In this paper we examine the empirical relationships between MHI and
5optical radius, disc radial scale and specific angular momentum. Also we
analyze the possible relationship between the observed HI mass and the
marginal (threshold) stability condition of gas layer to the gravitational
perturbations in a disc plane.
2. Relation between hydrogen mass and disc size and rotation.¸
We used two samples of late-type galaxies: the Isolated Galaxies
Catalogue AMIGA (Lisenfeld et al. 2007) created on the basis of the
Karachentseva Isolated Galaxies Catalogue (Karachentseva et al. 1986)
(we consider the objects with disc inclination i > 350 ) and flat galaxies
sample, containing edge-on galaxies with a large axis ratio (a/b) from the
catalogue RFGC by Karachentsev et al. (1999). The latter galaxies rep-
resent most homogeneous late-type galaxies sample which possess a similar
structure (a thin disc and a small bulge). We excluded from consideration
the galaxies, if the errors of rotational velocity (taken from All Digital HI
directory Courtois et al. 2009) exceed 20 km/s, as well as galaxies with
angular size larger than 400” (to achieve the better homogeneity of data,
as much as the estimation of total MHI is more complicated and less ac-
curate for galaxies with large angular size). Both samples do not contain
clearly interacting galaxies. Gas mass MHI , linear optical sizes D25 , in-
clination (for AMIGA galaxies) and rotation speed Vrot were taken from
the HY PERLEDA database (leda.univ-lyon1.fr, Makarov et al. 2014) or
were found from the data contained therein. Disc radial scales lengths R0
are based on SDSS review photometry images in the i -band, and were
taken from Hall et al. (2012). The accepted distance scale corresponds to
H0 = 75 km/s/Mpc.
6Fig. 2 illustrates three-dimensional relationship MHI − Vrot −D25 for
isolated galaxies. Flat galaxies give a very similar pattern (not shown here),
although, as it will be discussed below, there is a notable shift between flat
and isolated galaxies. Regression parameters k and b , the standard devi-
ations MSE and correlation coefficients p are given in Table 1. The slope
and zero point of these regression lines were calculated for a bisector line
between direct and inverse regressions. We tried two ways for regression
construction: a simple LSM and a robust regressions. The most deviating
points are attributed to the lower statistical weights in the last option.
However, in both cases we obtained practically identical results.
For both samples of galaxies the most close correlation is between MHI
and a disc size or specific angular momentum. Although MHI correlation
with Vrot is not so tight, it may not be a simple reflection of well-known de-
pendence “optical size vs rotation speed” (see, for example, Russell 2002),
as it is evidenced by the existence of correlation between Vrot and the de-
viation from the straight line logMHI − logD25 for AMIGA sample (Fig.
3).
The situation is more complex for flat galaxies. Their MHI values are
systematically higher than for isolated galaxies for all relations we con-
sider (at least for galaxies with large enough D25 or Vrot ). For example,
in Fig. 4a, b flat galaxies and AMIGA isolated galaxies (presented by
the regression line) are compared at “MHI − Vrot ” and “MHI −D25 ” di-
agrams. Apparently, this shift is a result of HI mass overestimation for
flat galaxies due to the unreliability of accounting of large self-absorption
in HI line. Flux extinction caused by internal absorption is less than
40% for inclination i = 850 , however it increases rapidly as we approach
7to i ≈ 900 (Heidmann et al. 1972). In HY PERLEDA database, self-
absorption correction for edge-on galaxies was assumed to be (expressed
in stellar magnitudes) ∆mHI = -0.82, which corresponds to the attenu-
ation coefficient k = 2.1. The “shift” between flat and isolated galaxies
(there are only a few edge-on galaxies among the latter) demonstrated in
the diagrams allows to propose that the self-absorption is overrated and
hence MHI is overestimated by about 1.5 times on average. The naturally
expected scatter of the attenuation coefficients for different edge-on galax-
ies, of course, increases the points dispersion on the diagrams. Curiously,
a difference between logMHI estimates for edge-on and isolated galaxies
becomes insignificant, or even change its sign for slowly rotating, and, con-
sequently, low-mass galaxies ( logVrot <1.9, or Vrot <80km/s) as it follows
from Fig. 4b. Although the number of such galaxies is too small for re-
liable conclusions, one may suggests that the accepted self-absorption in
HI line for these galaxies is not overestimated at all, apparently because
the HI line-of-sight velocities have lower dispersion there, which makes
self-absorption more significant.
3. Gas content and gravitational stability of gas layer.¸
As it was noted in the Introduction, the correlation between the current
hydrogen mass and the slowly evolving characteristics of galaxies (size,
rotational speed, specific angular momentum) indicates similar character
of gas evolution for the bulk of starforming galaxies. Note however that the
disc size of galaxies is still subject to slow evolution because their stellar
population and hence the brightness distribution changes over time. A
photometry of late-type galaxies without noticeable bulges in the Hubble
Deep Field (HDF ) (Sachdeva, Saha 2016) demonstrates a slow increase of
8disc diameter from z = 1 reaching several tens of percent. However, this
does not apply to the discs radial scales R0 which do not reveal a significant
change during this time interval. Therefore R0 can be considered as more
conservative parameter, evolving more slowly than the isophotal diameter.
Rotational velocity of a galaxy, established after its disc was formed,
is also a conservative value, which can change as the result of large-scale
mass redistribution only, caused, for example, by strong interaction with
neighbor galaxies. Therefore, the correlation between gas mass and such
parameters as D25 , R0 or J ∼ VrotR0 evidences that either a gas content of
galaxies remains almost unchanged in the last few billion years (it requires
the accretion to compensate the process of gas losses), or most galaxies
evolve in a similar way, so that the sequences at the diagrams have not
“blurred” over billions of years.
In principle, both options are possible. Numerical models were pro-
posed to describe the galaxy evolution, where star formation and accretion
compensate each other, and, as a result, the integrated gas mass maintains
at nearly constant level (so called “ bathtub” models; see, for example,
Strinson et al. 2015). However, in this case the important questions re-
main. What defines the equilibrium level for surface density ΣHI or total
mass MHI in galaxies? Why should this level depend on the optical size
or the angular momentum of a disc, instead of for example, on the environ-
ment density? Why similar gas density distribution ΣHI(R) is maintained
for a significant part of galactic discs? One would rather expect that the
accretion rate and the resulting gas distribution inside a disc should be dif-
ferent for galaxies with different masses and morphological types, as well
as for isolated galaxies and those in a dense environment.
9From another point of view, the condition of local gravitational stabil-
ity of rotating gas layer can serve as the control of gas evolution. Indeed,
a development of instability should lead to the increase of local density
inhomogeneities in a disc at kpc-scale, and, as a consequence, to the in-
tensification of starformation till the threshold (marginally stable) state of
rotating gas layer is reached.
The idea that the gas layers of galaxies are in many cases close to the
marginally stable state was proposed to explain the observed distribution
of gas in galaxies by many authors, beginning with the papers by Quirk
(1972), Zasov and Simakov (1988), Kennicutt (1989), Martin and Ken-
nicutt (2001). The indirect arguments for gravitational stability role in
the gas evolution were later presented by Zasov and Terekhova (2013) and
Meurer et al. (2013). These authors showed that the observed correlation
between radial profile ΣHI(R) and radial distribution of dark halo column
density in galaxies, found from the rotation curve modeling, may be ex-
plained, if to assume that gas density profiles Σg(R) follow the marginal
stability condition.
However, the assumption of marginal stability of gas layer in a suffi-
ciently extended range of R encounters difficulties when applied to the
outer regions of spiral galaxies, as well as to Irr -galaxies. The analysis of
observational data shows that a gas layer usually has a much lower density
than it is required for the threshold (marginal) stability condition (see,
e.g., Kim, Ostriker 2007; Westfall et al. 2014; Elmegreen, Hunter 2015).
Below we consider this issue in more detail.
The stability condition against local gravitational perturbations is usu-
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ally characterized by the Toomre parameter:
Qg =
cg∂e
piGΣg
, (1)
where cg is a gas velocity dispersion associated with turbulent motions,
and ∂e – the epicyclic frequency. For the constant circular velocity Vc ,
∂e =
√
2Vc/R . Here we assume that the gas circular velocity is close to the
rotational speed found for HI layer (that is Vc ≈ Vrot ).
In a simplest case of a thin axisymmetric disc the critical value Qc,g
for stability parameter Qg against radial perturbations is Qc,g = 1 . The
accounting of non-radial perturbations make a disc less stable, while the
non-zero thickness stabilizes it. When the marginal stability is considered,
these two factors to a large extent obviate each other. The analysis of
stability conditions for real galaxies is simplified by the slow variation of
gas one-dimensional dispersion cg along the radius and its similarity for
galaxies with different luminosity (mass) with cg ≈ 6-10 km/s for the outer
regions (see the discussion in Leroy et al. 2008; Ianjamasimanana et al.
2015).
It should be noted that all analytically derived criteria of disc
(in)stability are approximate and local, and in general, a construction of
three-dimensional numerical models is required for analysis of gravitational
perturbations growth. Such models show that critical values of Qc,g ∼1.2-
2 depending on the radial distance R and the ratio between a disc mass
and a mass of spheroidal subsystems within a given R (see, for example,
Khoperskov et al. 2003; Kim, Ostriker 2001; Kim, Ostriker 2007). In the
numerical 3D-models (Kim, Ostriker 2007) of the disc, which parameters
are close to those observed for near-solar neighborhood, a critical stability
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parameter for gas layer was found to be Qc,g = 1.4. The analytical Qc,g as-
sessment which takes into account non-axisymmetric disturbances leads to
a similar conclusion. For gaseous disc with flat rotation curve Poliachenko
et al. (1997) obtained Qc,g =
√
3 .
If we use the most probable values of cg and Qc,g , and assume that gas
density corresponds to the gas layer marginal stability (Eq. 1), then the
mass of gas within a given radius Rlim may be found from the equation
M cgas =
Rlim∫
0
2piRΣg(R) dR = 2
cg
Qc,g
Rlim∫
0
R∂edR, (2)
which shows that a gas mass is determined by radial changes of ∂e(R) .
Let the rotation curve has a form V (R) = Vc(R/Rlim)
n , where Vc is
circular velocity at R = Rlim (n = 0 for flat rotation curve and n = 1 for
linearly increasing speed). Then ∂e(R) =
√
2Ω(R)(1+n)1/2 , where angular
velocity Ω(R) = V (R)/R . For the critical value Σg =
cg
Qc,g
∂e
piG a total gas
mass within Rlim will be:
M cgas = 2
3/2K(1 + n)−1/2VcRlim ,
where the factor K = (cg/Qc,g) is considered to be approximately
constant along the radius. This implies that a total mass of marginally
stable gas layer weakly depends on rotation curve shape, being proportional
to the disc specific angular momentum J ∼ VcRlim . For a flat rotation
curve (Vc = const ) the atomic gas mass M
c
HI = 2
3/2ηKG · VcRlim , where
η−1 ≈0.5-0.7 is a transition coefficient from Mgas to MHI , which takes
into account a fraction of molecular hydrogen and helium in the total gas
mass.
In spite of the approximate nature of this approach, it nicely agrees
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with observations, showing a direct proportionality between MHI and spe-
cific angular momentum J within the optical radius Rlim = R25 for single
galaxies and group members (Karachentsev et al. 2004; Safonova 2011;
Zasov, Rubtsova 1989; Zasov, Sulentic 1994; Zasov, Smirnova 2005). Giv-
en that the total galaxy mass within R25 is Mtot ≈ V
2
c R25
G , a gas mass over
galaxy mass ratio is:
F ≡ Mgas
Mtot
∼ cgJ
Qc,g · V 2c R25
∼ cg
Qc,gVc
, (3)
i.e., the relative gas mass is lower for fast rotating galaxies, that is actually
takes place for spiral and irregular galaxies (see., eg., Fig. 14 in the catalog
UNGC by Karachentseva et al. 2013).
It should be borne in mind that this simple form of dependence between
gas mass and specific angular momentum has the approximate character
due to a number of simplifications, the most important of which is the
assumption of cg/Qg constancy. This condition is hardly acceptable for
the inner region of discs, where the observed gas density radial profiles are
very diverse, and also for far peripheral areas (outside optical boundaries
generally), where a significant increase in the gas layer thickness plays a
stabilizing role, increasing the stability parameter Qc,g .
In Figs. 5 a,b we presented the relationship between MHI and J (to
be more precise – between the total gas mass assumed to be proportional
to MHI and VrotD25 (a) or VrotR0 (b) parameters) for AMIGA galaxies.
The solid straight line at both diagrams is a linear regression for these
galaxies, and two parallel dashed lines represent the expected relations for
marginally stable discs with η = MHIMgas = 0.5 for two probable values of K
= (cg/Qc,g) = 10 km/s (upper line) and 5 km/s (bottom line). HI mass
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within D25 was taken equal to a half of the integral atomic hydrogen mass,
as it is performed for spiral galaxies in average (Bigiel, Blitz 2012). Upper
dashed line corresponds to the stability parameter Qc,g = 1, and the lower
one – to Qc,g = 2 for gas velocity dispersion cg = 10 km/s. Points scatter
on the graphs mainly reflects the difference of fraction of MHI enclosed
within R25 for different galaxies. As it follows from Figs. 5 a,b, most of
galaxies lay below the strip bounded by the dashed lines for high and low
K -values. This shift opens the question whether gas layers of galaxies are
really in most cases close to marginal stability, or they pass a significant
stability reserve (Qg >2).
Regardless of the answer, these diagrams can be used for HI content
diagnostic, allowing to reveal the abnormally high, or, conversely, abnor-
mally low gas mass in comparison with isolated galaxies with similar kine-
matic parameters. As an example, we compare the AMIGA galaxies with
galaxies unusually rich of HI from the HIghMass galaxy sample (Huang
et al. 2014). In these gas-rich galaxies HI mass exceeds 1010M , reaching
in most cases of more than one-third of the total mass of stellar popula-
tion. These galaxies are marked with diamonds at Figs. 5 a,b. Their HI
masses are systematically higher than for the other galaxies with the same
angular momentum, revealing the peculiar way of gas evolution, possibly
related to the unusually low efficiency of starformation or accretion.
In Fig. 5 b we also compare AMIGA galaxies with low surface bright-
ness galaxies (LSB ), considered earlier by Abramova and Zasov (2011)
(marked with asterisks); we also included the unusual dwarf galaxy, LSB -
companion of spiral galaxy NGC4656 first described by Schechtman-Rook,
Hess (2012). This galaxy has an extremely low surface brightness with the
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enhanced glow in ultraviolet, which indicates the current or recent starfor-
mation. Here we use a disc radial scale R0 instead of isophote diameter
D25 to avoid the dependence on a disc surface brightness. MHI and Vrot
values were taken from the paper of Abramova and Zasov (2011), the data
for NGC4656 are used from Schechtman-Rook, Hess (2012) and Zasov
et al. (2017). One can see that LSB -galaxies follow general relation-
ship with normal brightness galaxies, although with a larger scatter. Some
LSB -galaxies with high specific momentum have abnormally high MHI in
comparison with AMIGA galaxies, being in the same place as the galaxies
with abnormally high HI mass (diamonds). Low accuracy of parameters
and poor statistics do not allow to make reliable conclusions from this com-
parison, however it suggests a similar regulatory factors of gas evolution
for LSB and normal brightness galaxies.
Now we proceed from the total gas mass to the Toomre’ parameter Qg
at different radial distances, in order to clarify how far a gas layer is from
the stability threshold condition. Direct estimates (Leroy et al. 2008; Bigiel
et al. 2010; Romeo and Falstad 2013; Westfall et al. 2014; Obreschkow
et al. 2016; Yim et al. 2011) showed that in the outer regions of galaxies
Qg , determined by the classical expression (1) for the azimuthally averaged
gas density, reaches several units (generally, Qg ∼2 - 4 and higher outside
R25 ). It confirms that gas layers are in general stable, if the density critical
value corresponds to Qg = Qc,g ≈ 1, although gas density may be close to
critical one in the inner part of a galaxy, and have a significant stability
reserve at a periphery.
The idea that at some radial distance gas surface density passes through
the stability threshold, so starformation rate is low outside this zone, was
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first considered (taking into account molecular gas) by Martin and Kenni-
cutt (2001). Authors concluded that the stability threshold usually takes
place at radial distance where the ratio K =
cg
Qc,g
falls below 4 km/s.
It corresponds to Qc,g ≈ 1.5 − 2.5 for realistic values cg ∼6-10 km/s
at a disc periphery. However, as it follows from the radial distribution
of UV brightness, starformation often continues without experiencing a
sharp drop where the transition to a stable mode is expected (Boissier et
al. 2007). It evidences that a formation of stars is a local process, which is
determined by local fluctuations of gas density and temperature (see the
discussion in Elmegreen 2011), while the gravitational instability of rotat-
ing disc develops at scales around a Jeans wavelength λJ , which is ∼1
kpc and even larger for massive galaxies.
The important factor which lowers a stability threshold allover a galac-
tic disc is a destabilizing role of stellar disc gravity. A good approximation
for stability criterion of two-component disc Qsg is the sum of recipro-
cals of Q -parameters taken separately for gas (Qg ) and stars (Qs ) with a
weighting factor of W , which reduces the contribution of component with
higher Q (see Romeo, Wiegert 2011; Romeo, Falstad 2013).
1
Qsg
=

W
Qs
+ 1Qg , if Qs ≥ Qg
1
Qs
+ WQg , if Qg ≥ Qs
(4)
W =
2cscg
c2g + c
2
s
(5)
According Leroy et al. (2008), stellar and gas components give a com-
parable contribution to general disc stability. Parameter Qg for gas com-
ponent is around 2-3, being several times higher at the far periphery of
discs. At the same time, the combined gas-stellar parameter Qsg ≈ 2
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within a wide range of R . Later Meurer et al. (2013) analyzed the radial
profiles of Qg(R) and Qsg(R) for the sample of 20 galaxies (late types
spiral galaxies from THINGS review mostly) with known HI density
profiles. They showed that on average about 50% of total HI mass lies
within the range of radial distances where ΣHI(R) decreases approximate-
ly as 1/R and correlates with the epicyclic frequency profile ∂e(R) in such
a way, that Qg and Qsg parameters remain approximately constant for the
fixed cg , although both of them exceed unit. In turn, Romeo and Falstad
(2013) concluded for THINGS galaxies, that gas plays a dominant role
in stability of the inner parts of discs (where a significant part of gas is
molecular one), while stellar disc determines a stability parameter at large
distances from the center.
However, in the papers cited above a relative role of stellar disc seems
to be exaggerated, especially at large radial distances. Firstly, in spiral
and irregular galaxies gas velocity dispersion cg(R) slowly decreases with
R , falling below 10 km/s at R = (1− 2)R25 (Leroy et al. 2008; Walter et
al. 2008; Ianjamasimanana et al. 2015). Secondly, the indirect estimate
of stellar velocity dispersion is usually obtained from a disc half-thickness
(a vertical scale), which is regarded as independent of radius (Leroy et
al. 2008; Romeo, Falstad 2013), whereas in real galaxies it increases with
R in the outer regions (de Grijs, Peletier 1997; Yim et al. 2014), which
reduces the destabilizing role of stellar disc. For example, the increase
of disc thickness at a factor of 2 leads to an increase of stellar velocity
dispersion estimate for about
√
2 times. At the same time, the weighting
coefficient W in Eq. 4-5 is reduced at about the same factor, so that the
relative contribution of stellar disc in the resulting value 1Qsg (see Eq. 4)
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will be approximately halved. As a result, gas component may play a more
significant input in stability parameter. Nevertheless, the conclusion about
gravitational stability at large R will hardly changed.
As the illustration, in Table. 1 we present the values of parameter Qg
at R = R25 for THINGS galaxies with known rotation curves (de Blok
et al., 2008) and gas surface density profiles Σg = 1.3ΣHI (Walter et al.
2008). The direct estimates of HI velocity dispersion were taken from
Ianjamasimanana et al. (2015). As one can see, in most cases Qg at the
edge of optical discs ranges between 3 and 6, which confirms a significant
stability reserve of gas layer.
4. Threshold stability of gas layer or synchronous evolution?¸
Now we are faced with a contradictory situation. On the one hand, the
shape of HI radial profile of surface density in galaxies in a wide range
of R is close to the anticipated one for Qg = const . This is confirmed
by correlation between the gas mass in galaxies and disc kinematic param-
eters. On the other hand, the existing estimates show that Qg exceeds
the expected critical value Qc,g ≈ 1.5 − 2 , which is required for marginal
stability. Primarily, it refers to the outer regions of galaxies, where Qg
reaches 5 or higher. A stellar disc gravity may bring a disc closer to the
stability threshold (Qsg . 2 ). However, in this case it becomes not clear,
how to explain the observed consistency between gas mass MHI or density
ΣHI and the angular momentum, expected for marginally stable gas layer?
We consider two possible options.
Option 1. One can propose that for a significant fraction of atomic
gas the velocity dispersion is 2-4 times lower than the commonly used value
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(about 10 km/s). However, observations do not provide sufficient grounds
for such conclusion. As an alternative, it can be assumed that gas layer
stability threshold corresponds to a higher values Qc,g ≈3-4, for example,
as a result of energy dissipation, making gas layer less resistant to gravita-
tional perturbations (see, eg., Elmegreen 2011). Another factor which may
explain too high azimuthally average values of Qg is the inhomogeneous
gas distribution. Even if the average value of Qg obviously evidences the
stability, some fraction of gas may be located in the areas where ΣHI is
several times higher than the mean value at a given R , being close to
the stability threshold. However, it cannot explain why the shape of az-
imuthally averaged profile ΣHI(R) in this case should follow the equation
(1) expected for Qg = const .
Option 2. Gas layers of galaxies could reach marginally stable state
several billions years ago, when gas density and the total gas mass were
at least twice as high as at present time, so the close relationship between
specific angular momentum and MHI was established that time. This
could be the case, when a formation of stellar disc was almost finished, and
gas turbulent velocity, high at the violent disc formation stage, decreased
to the current level, where it is close to the sound speed in a “warm” HI .
In this case, a subsequent decrease of MHI down to modern values in the
process of disc evolution requires that gas accretion have not compensated
gas consumption for star formation – at least in the last few billions years.
In order for the relations MHI−VrotD25 or MHI−VrotR0 to remain linear,
starformation efficiency SFE (star formation rate per gas mass unit) or its
inverse value τHI (a gas consumption time) should be similar for galaxies
with different masses and angular momenta.
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Indeed, the available data are consistent with the approximately con-
stancy of τHI . Thus, for about 190 massive galaxies of GASS survey
with stellar masses Ms > 10
10M the average τHI was found to be 3 · 109
years, regardless of galaxies mass (Schiminovich et al. 2010). Later, Wong
et al. (2016) obtained the mean SFE value, corresponding to τHI = 4.5·109
years with the dispersion 0.3 dex, for a wide range of masses and rotational
velocities of galaxies – from dwarf to giant ones. Note that a consumption
time τHI can be considered as a minimum time interval, passed since the
gas mass in the discs was several times higher than at present.
It should be pointed, that within each galaxy SFE may not be con-
stant (it usually decreases with the radial distance), so it can be expected
that surface density profile ΣHI(R) experiences evolutionary changes, de-
pending on starformation rate, accretion rate and the gas losses at a given
R . To describe the evolution of gas content in disc of galaxies it requires
the construction of multi-parameter models, what is beyond the scope of
this paper. The main thing is that if τHI keeps approximately constant
for galaxies with different masses, then the relations discussed above will
remain log-linear during the long period of time. Of course, the naturally
expected scatter of SFE for different galaxies must eventually “erode”
them. According to Wong et al. (2016), the observed SFE scatter for
galaxies is about 0.3 dex (i.e. a factor of 2) and, taking into account the
measurement errors, the actual SFE scatter can be even lower. It con-
firms that the linear relationships we consider will not blur out for a few
billion years. Note however, that there exist galaxies with abnormally high
HI mass on the top of corridor at the diagram “MHI − VrotD25 ” marked
by the dash lines (Figures 5). Unlike most of other galaxies, they seems
20
to preserve the marginal stability condition Qg ≈ Qc,g ≤ 2 to the present
epoch.
5. Conclusions¸
1. We found a systematic shift by about 0.2 dex between the MHI
estimates for edge-on and for isolated galaxies with similar sizes or rota-
tional velocities. Apparently, this discrepancy is due to the overestimation
of correction for self-absorption of HI -line fluxes used by HY PERLEDA
database for edge-on galaxies.
2. For the two samples of late-type galaxies we confirm the presence
of the close relationships found earlier between total hydrogen mass MHI
and specific disc angular momentum J , that we consider proportional to
the rotational velocity product by optical diameter (VrotD25 ) or by radial
disc scalelenght (VrotR0 ).
3. The discussed relationships MHI − VrotD25 and MHI − VrotR0 can
be used for HI content diagnostics, allowing to reveal the galaxies with
abnormally high or abnormally low HI mass compared with the isolated
late-type galaxies having similar kinematic characteristics. As an example,
the abnormally HI -rich galaxies taken from HIghMass galaxy sample
(Huang et al. 2014) have MHI which is systematically higher than the
isolated galaxies with a similar size and rotational velocity, while the low-
brightness galaxies follow the main sequence at the diagram MHI−VrotR0 .
4. The relations between MHI and J can be explained assumibg that
the Toomre’ stability parameter Qg is approximate constant for a gas layer
in a wide range of radial distances. However, the existing estimates of Qg
for late-type galaxies are on average 2-3 times higher than the critical
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values Qc,g ≈1-2 for marginal stability. Only for some HI -rich galaxies
the observed gas mass MHI agrees with that expected for marginally stable
gas layers.
5. We consider two possible explanations for the existence of close-to-
linear relationship between MHI and specific angular momentum J : either
critical value of Toomre’ parameter is several times higher than the usually
accepted value Qc,g ∼ 1− 2 , enabling gas layers of galaxies to be close to
marginally stable state presently, or this relationship has formed in the
past, when a mass of gas in galactic discs was several times higher than at
present, so that gas layers were close to marginally stable state only at that
early epoch. After that galaxies have slowly decreased their gas content
during the evolution down to modern values. This explanation removes
the conflict with observation data, which evidence that Qg ≤ Qc,g , being
also in a good consistency with the observed slow decrease of HI mass in
the Universe over the past several Gyr (Neeleman et al. 2016). However,
it excludes the models where gas inflow and gas losses are balanced i.e. it
requires that in most galaxies gas consumption for starformation should
not be compensated by gas accretion in the disc.
We acknowledge Russian Science Foundation support (project No.
14-22-00041). We acknowledge the usage of the HyperLeda database
(http://leda.univ-lyon1.fr).
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Table 1: Final relations
Edge-on AMIGA
1 2 3 4 5 2 3 4 5
f(x) = kx + b k b MSE p k b MSE p
Objects in the sample 256 293
MHI = f(D25) 1.43 7.90 0.079 0.80 1.59 7.50 0.076 0.87
MHI = f(Vrot) 2.26 5.00 0.084 0.78 1.83 5.69 0.144 0.73
MHI = f(VrotD25) 0.95 6.52 0.069 0.83 0.98 6.24 0.079 0.86
Objects in the sample 256 71
MHI = f(R0) 1.45 9.02 0.092 0.76 1.49 8.85 0.071 0.83
MHI = f(VrotR0) 1.02 7.09 0.069 0.83 1.03 6.91 0.071 0.83
Columns: (1)number (the relationship); (2), (3) linear regression parameters; (4) standard deviation; (5) correlation coefficient.
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Table 2: Estimation of stability parameter Qg on radius R25
1 2 3 4
NGC R25, kpc σV , km/s Qg
NGC925 14.3 8.8 1.8
NGC2366 2.2 11.3 3.1
NGC2403 7.4 8.4 2.9
NGC2903 15.2 9.9 4.3
NGC2976 3.8 9.6 13.8
NGC3198 12.9 12.5 2.8
IC2574 7.5 8.1 1.5
NGC3621 9.4 10.0 3.3
NGC4736 5.3 7.7 10.4
DDO154 1.2 8.7 2.4
NGC5055 17.2 8.9 3.5
NGC6946 9.8 7.7 4.6
NGC7793 5.9 9.6 2.3
Columns: (1) galaxy name; (2) isophote radius; (3) HI velocity dispersion (according Ianjamasimanana et al. 2015); (4) Toomre
stability parameter Qg on R25 .
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Figure 1: Processes determining the evolution of gas in discs of galaxies.
30
Figure 2: The relationships between hydrogen mass, rotation speed and disc linear size
for isolated late-type galaxies.
31
Figure 3: The ratio between the galaxies rotation speed and deviations from the regression
line at “MHI −D25 ” diagram.
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a)
b)
Figure 4: Edge-on galaxies position at “MHI−D25 ” (a) and at “MHI−Vrot ” (b) diagrams.
Straight line represents the regression for isolated galaxies.
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a)
b)
Figure 5: Comparison of HI mass MHI with kinematic parameters, proportional to
specific galactic momentum: VrotD25 (a) and VrotR0 (b) for isolated galaxies (black
points). The diamonds at both diagrams mark galaxies with abnormally high HI content
(Huang et al. 2014). Several LSB-galaxies which included Malin 1, 2 and NGC4656UV
(asterisk) are presented at Fig. (b). Two parallel dash lines corresponds to the expected
relations for marginally stable gas layer with flat rotation curves for the expected range
of K = c
Qg
= 10 km/s and 5 km/s (upper and lower lines respectively) (see the text).
Solid straight line is linear regression line for isolated galaxies.
